The present study was designed to investigate the effect of cadmium (Cd), as cadmium chloride (CdCl2), on the kidney of male rats as well as the protective role of omega-3 oil against the Cd-induced histological, ultrastructural and immunohistochemical alterations. Thirty adult male rats were used in the present work, divided randomly into five groups, six rats in each. The first group was considered as control group and left without treatment except the standard rat chow and tap water. The second group was given (40 mg/ L) of CdCl2 in drinking water. The third group was given (60 mg/ L) of CdCl2 in drinking water. The fourth group was given (40 mg/L) of CdCl2 in drinking water plus omega-3 oil (4 gm/ kg diet) and the fifth group was given (60 mg/L) of CdCl2 in drinking water plus omega-3 oil (4 gm/ kg diet). All the above groups were left for 30days. Paraffin and plastic embedded methods were employed for the light microscopy study of the kidney in all treated animals and Immunohistochemical technique was applied to demonstrate apoptosis indicator protein (P53).Transmission electron microscopy preparations was employed for detection of further ultrastructural results. Kidney of CdCl2 treated groups has showed many histological change. These changes included dilation of the kidney tubules, degeneration of the cortical kidney tubule cells and the appearance of inflammatory leucocytes. Such changes have not been seen in the omega-3 plus both doses of CdCl2 groups. The transmission electron microscopy showed many ultrastructural changes, some of them were dilation of the vessels, highly affected podocytes, thickening of the basal lamina of the blood capillaries, lipid accumulation, degeneration of the microvilli of some proximal convoluted tubule cells and disruption of mitochondrial cristae.
Introduction
Cadmium (Cd) is a wide spread toxic environmental and industrial pollutant. It is listed by the U.S. Environmental Protection Agency (EPA) as one of 126 priority pollutants [20] . A great attention has been paid to Cd pollution by environmentalists because of its toxicity to plants, animals, humans and even microorganisms [17, 3] .
Cd is released into the environment by mining and smelting activities, atmospheric deposition from metallurgical industries, incineration of plastics and batteries, land application of sewage sludge and burning of fossil fuels [37] . It concentrates along the food chain and once absorbed irreversibly accumulates in the human body, particularly in kidneys, bones, respiratory tract and other vital organs such the lungs and the liver [19] .
Cd can produce both acute and chronic tissue injury and damage various organs, depending on the dose, route and duration of exposure [6] . Cd can also induce hematological and biochemical toxicity [9] , hepatotoxicity [45] , nephrotoxicity [41, 42] , neurotoxicity [44] and testotoxicity [24, 30] . Furthermore, Cd can induce several toxic effects in newly born rat pups on lactational exposure [13] .
Histological and cellular damages after Cd exposure result from the increase in production of reactive oxygen species and inhibition of antioxidant enzymes [27, 28] . Therefore, several antioxidants have been used for attenuating Cd toxic effects such as curcumin [15] , ginger [11] , vitamin E [2] , vitamin C [12] , l-carnitine [32] , melatonin [14] , quercetin [43] , caffeine [25] , Probiotic Bacteria [10] , several other chemicals and plant extracts [36] .
The protective role of omega-3 oil against the toxicity of several toxicants, some of them were minerals such as arsenic [26] has been studied. However, as far searched no such studies on the protective effect of omega-3 oil against Cd toxicity were found.
Material and Methods

Animals and housing
Thirty adult albino male rats (Rattus norvegicus) (200-250 gm and 8 weeks old) were used in the present study. They were bred and housed in plastic cages (56×39×19 cm), bedded with wooden chips in the animal house of Biology Department/College of Science and Education/ University of Salahaddin-Erbil. The animals were kept under standard laboratory conditions 12 hours light: 12 hours dark with controlled temperature of 22±2 C˚. The rats were given standard laboratory chow containing 0.5% NaCl, 22% protein and 4-6% dietary fat and drinking water ad libitum.
Experimental design
The rats were divided randomly into five groups (six rats in each) as shown below:
Group 1: Control:The rats of this group were given standard rat chow and tap water for 30 days.
Group 2: CdCl2 (40 mg /L in drinking water):The rats of this group were given standard rat chow and CdCl2 (40 mg/L) in drinking water for 30 days.
Group 3: CdCl2 (60 mg /L in drinking water): The rats were received standard rat chow and CdCl2 (60 mg/L) in drinking water for 30 days.
Group 4: CdCl2 (40 mg/L in drinking water) + Omega-3 oil (4 gm/ kg diet) [5] . The rats were given (40 mg/L) of CdCl2 in drinking water plus omega-3 oil (4 gm/ kg diet) purchased from local pharmacy, for 30 days. All animals were anesthetized with ketamine hydrochloride (100 mg/Kg B.W.) and sacrificed at the end of each experiment. kidneys were taken from all rats and cut into small pieces (less than 0.5 cm 3 in thickness) and kept in the fixative.
Histological Preparations
-Light Microscopy (Paraffin Method):
Samples of the kidneys were directly fixed in Bouin's fluid for 24 hours and then processed for paraffin method by dehydrating through ascending concentrations of ethanol (50%, 70%, 95% and 100%), cleared in xylene, infiltrated in paraffin wax and finally embedded in paraffin wax. Sections were cut at 4µm thickness with a rotary microtome (Hunting Don, Bright.UK). The sections were stained by haematoxylin and eosin (H&E) method [29, 31] .
-Electron Microscopy:
Tissue samples (1mm3) were fixed in 2.5% glutaraldehyde in 0.1M Cacodylate buffer pH 7.2 -7.4 for 24 hours, postfixed in 1% Osmium tetroxide for 1 hour, dehydrated through a graded series of acetone (50%, 70%, 95%, and 100%), cleared in propylene oxide for 15 min (twice), infiltrated with propylene oxide plus Araldite mixture (1:1) for 12 hours, and then embedded in resin medium (Araldite CY 212: 10 gm ; Hardener 10 gm; Accelerator DMP 30 : 0.5 gm and Di-n-butylphthalate Plasticizer : 0.6 gm). All these chemicals were obtained from Fluka AG, Bucha, SG. Polymerization was accomplished in oven at 60 Cº for 48 hours [4] .
For light microscopy, the blocks were cut by ultramicrotome (Reichert-Jung) into 0.5-1µ thickness and stained by 1% toluidine blue in 1% Borax for light microscopy. For Transmission Electron Microscopy (TEM), 600-900Aº sections were obtained and stained by 3% uranyl acetate and lead citrate [18] . These ultrathin sections were examined by (SHARP) TEM in Gazi University, Faculty of Medicine; Ankara; Turkey and (LEICA/Em FC6, CM12 Philips) TEM in UKM University, Science and technology Faculty, Malaysia.
-Immunohistochemistry:
The Dako Cytomation En Vision®+Dual link system-HRP(DAB+) Staining protocol [23] was used for the immunostaining to detect p53 expression and was applied to formalin-fixed, paraffin embedded tissue.
Results
Both doses of CdCl2 (40 and 60 mg/L) in drinking water caused many histological and ultrastructural alterations in the kidney of the rats. On the other hand, omega-3 oil was very useful in minimizing most of the CdCl2 toxic effects.
Normal histological structure of the kidney cortex and medulla were seen in control group (Fig. 1 A&B) , while after giving CdCl2 at low and high doses, several histological alterations were detected ( Fig. 1 C&D, Fig. 2 & Fig. 3 ), These histological changes include dilation of kidney tubules and degeneration of the cells lining the tubules. The degenerated cells appeared shrunken and highly vacuolated with condensed nuclei, deep blue cytoplasm and plasma membrane blebbing ( Fig. 2 B-D) . After given the high dose, larger degenerated areas have been observed (Fig. 3) . Regarding the changes in the glomeruli, the plastic and electron micrographs of the kidney of CdCl2 treated groups revealed sever degeneration, more dilation of the vessels, highly degenerated podocytes, and thickening of the basal lamina of the blood capillaries beside the degeneration of most pedicles, fatty degeneration and migration of some leukocytes from the blood capillaries (Fig. 4) .
Furthermore, proximal and distal tubules of the kidney showed many ultrastructural alterations after exposing the rats to CdCl2 as shown in the electron micrographs such as degenerated cells with high vacuolation, the lumen of most tubules was filled with debris. Further alterations included degeneration of the microvilli in some tubules while others have shown less degeneration and precipitate of Cd particles Cihan University-Erbil Scientific Journal in some cells. Disruption of mitochondrion cristae, lysosomes and apoptotic bodies were also noticed ( Fig. 5 & 6 ). Administrating omega structure similar to the control group, although dilation in few kidney tubules and some degenerated cells were still existed (Fig Administrating omega-3 to the CdCl2 treated groups revealed a histological lar to the control group, although dilation in few kidney tubules and some degenerated cells were still existed (Fig. 7) . 3 to the CdCl2 treated groups revealed a histological lar to the control group, although dilation in few kidney tubules and some The immunohistochemical demonstration of apoptosis indicator protein P53 showed a strong brown positive reaction in the damaged regions of the kidney and in most kidney tubules lining cells, while the control and the omega-3 plus CdCl2 groups showed negative reaction (Fig. 8) . 
Discussion
Cd is a potent nephrotoxic metal [33] . As has been shown in the present results, Cd caused different histological alterations in the kidney of rats. The most important features of these alterations were the degeneration of kidney tubule cells and dilation of the kidney tubules. The degenerated cells have revealed the apoptotic characters such as the condensed nuclei, irregular plasma membrane, which in some occasions formed blebs and the deep blue toluidine blue staining cytoplasm or the hypereosinophilia of the hepatocyte cytoplasm [22] . Even the glomeruli have shown degenerative effects due to Cd intake which allowed for accumulation of this metal in the kidney as some present electron microscopic images revealed. Such accumulation has been referred by many studies [21, 43] . In addition to the appearance of the Cd particles, the electron microscopic figures revealed degeneration of pedicles of the podocytes, migration of monocytes to the glomerulus and debris inside the lumen of the renal tubules. All these alterations may affect the function of the Cd treated rat kidney.
The degeneration of the kidney tubule cells was clearly showed by the electron microscopic figures having the apoptotic vacuoles. Cd has been known to exert its degenerative effect on kidney tubular epithelial cells through apoptosis [38, 35] . The present work detected that the greater damage of Cd in the proximal convoluted tubules and this may affect the passive paracellular pathway [34] and cause a decrease inactive transcellular ion transport [39] leading to renal dysfunction. In fact, it has been established that the proximal tubule is the main site of Cd reabsorption, since more than 90% of the filtrated Cd is reabsorbed along this segment [7] .
The immunohistochemical figures showed a positive reaction of P53 in the glomerular and cortical region especially in the destructed areas of the Cd treated rats. Recent evidence referred to the p53-mediate apoptosis in rat kidney [16, 40] .
The degenerated cells of the kidney tubules in the Cd treated groups were seen detached from neighboring healthy cells. This is a common characteristic of apoptotic cells, but Cd was also found to disrupt the network of tight junctions and the depletion of the disintegration of the junctional plaques associated with tight junctions [8] .
Renal toxicity induced by Cd is known to increase oxidative stress by being a catalyst in the formation of reactive oxygen species, increasing lipid peroxidation, and depleting glutathione and protein-bound sulfhydryl groups [46] . Also Cd can also stimulate the production of inflammatory cytokines and down regulates the protective function of nitric oxide formation [1] . Thus, using an antioxidant agent such omega-3 oil may cause attenuation of the nephrotoxic effect of Cd. Although omega-3 oil was succeeded in protecting the histological structure of the kidney against the nephrotoxic effect of both doses of Cd, number of degenerated kidney tubular epithelial cells and dilation of some tubules were still exist. This may refer to the need for higher dose of omega-3 to be able to further attenuate the toxicity of these two high doses of Cd.
